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Abstract 
In last 20 years, rapid economic growth and the process of industrialization in China had resulted in large scale 
energy consumption and environment degradation. Usually the heavy and chemical industries, especially energy 
industries will grow increasingly at this stage of industrialization. Intense researches have paid more attention to the 
effects of energy consumption on environment, but little to the pollution from energy production. This paper focuses 
on the emissions from energy production when the energy industries are developing and the measures involved 
controlling the pollution. It is concluded that the factors those have significant effects on pollution emissions are 
industrial value added, concentration, scale of industries, average scale of enterprises, technological improvement, 
and environmental regulations. Moreover, some regulation and industrial development policies have been suggested. 
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1. Introduction 
The process of industrializat ion generally means the evolution of the industries from light industries, 
heavy and chemical industries, to high-degree processed and technology-intensive industries. The 
economic growth and industrialization in China do show this trend in last 20 years. China has 
progressively come into the stage of rapid development of heavy and chemical industries since 2000, the 
growth rate of these industries, such as energy, petrochemical, metallurgy, construction materials , were 
high and increased the proportion of secondary industry in the economy. From 2000 to present,  the 
economy has been presenting the trend that the proportion of secondary industry is growing faster, while 
that of primary industry keeps on decreasing, and that of tertiary industry keeps on fluctuating. In 2008, 
the proportion of heavy and chemical industry among industrial value added  jumped to as high as 71.3%.  
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However, with economic growth, the production and consumption of energy, especially the fossil 
energy, are also increasing rapidly, resulting in increasingly environmental pollution. The pattern of 
China’s economic development encounters to two kinds of restrictions, energy shortage and 
environmental degradation. From 1985 to 2008, the quantities of energy production grew by 203.9%, 
while the energy consumption increased by 271.7%. In the mean while, the emissions of industrial waste 
water, gas and solid waste have undergone tremendous growth. In addition, environmental accidents all 
over the country have also increased in recent years. It  is reported that the number of environmental 
disasters in 2010 was as double as that of 2009, and there were 102 accidents in the first half of 2010.  
Economic g rowth is the main factor deriving the demand of energy, and environmental pollution not 
only comes from energy consumption, but also from energy production, both of them can bring 
irrevocable negative impact on nature. Therefore, economy, energy and environment form a complicated 
interdependent system. Since the 70s of last century, economists began to pay more attention to the 
impact of economic development and energy use on the environment. In recent years, Chinese scholars 
have done many researches on the negative impact o f energy consumption on environment in China 
(Wang et al. [1]; Hu [2]; Shi [3];  Qi and Luo [4]; Wu et al. [5]; Shen [6];  Ji et  al. [7]; Guo [8]), however, 
litt le attention has been paid to environmental impact from energy production, there are only few 
literatures about the impact of power generation on the environment in some other countries  (Alves and 
Uturbey [9]; Thanh and Legevre [10]; Palmer et al. [11]; Proops [12]; Dahl and Kuralbayeva [13]; 
Kingston [14]). 
This paper focuses on energy production and their pollution emissions in China, where the energy 
industries are defined as including primary energy (i.e . coal, oil and natural gas) and the secondary energy 
(i.e . gasoline, coke, nuclear fuel, electric power, etc.), correspondingly they includes five industries in 
China Statistical Yearbook: coal mining industry; oil and natural gas explo itation industry; oil refining 
industry; power generation, and gas public utilit ies. The pollut ion emissions from energy industries  and 
the determinants of these emissions are studied.  
2. The development and pollution emissions of energy industries in China 
As the rapid economic growth of China, especially the economy come into the stage for the 
development of heavy and chemical industry, the energy industries is playing an increasingly important 
role, both the industrial value added and the quantities of main products have increased greatly. From 
1991 to  2008, the value added increased from 92.44 b illion RMB to  436.65 billion RMB, average annual 
rate was 20.7%; the output quantities of coal, natural gas, electricity, and gasoline also increased fast, the 
average annual rate of was 8.7%, 21.7%, 22.9%, and 9.3% respectively, among which electricity and 
natural gas grow fastest, higher than the growth of GDP. This suggests that China’s economic 
development heavily depends on the consumption of electric  power. However, the main source for 
generating electric power is high-pollution coal, which undoubtedly will worsen the environment.  
The continuous growth of energy production will bring about greater environmental risk, and the 
selection of factory location will determine the extent of risk. The energy industries have been main ly 
located in west and east of China, but the ecological environment in the west is vulnerable, while the 
population in the east is large. The effect of pollution will be very serious if the pollution emissions are 
not regulated. 
According to China Statistical Yearbook, statistics of pollutants include industrial waste water, gas (or 
SO2), and solid wastes. This paper studies these 3 pollutants for the time period from 1991 to 2008. 
Overall, waste water and solid wastes are main pollutants of primary  energy industries, and waste water is 
the main pollutant of secondary industries, while sulfur dioxide is the major pollutant of electric  power 
industry. In this time period, emission intensity of each pollutant is diminishing because of the 
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improvement of environmental technologies and more regulation implemented in  China. Nevertheless, in 
terms of the accumulative emissions, all three pollutants are growing rapidly. Th is alerts us that the 
emissions of energy production have been close to the limitation of environmental capacity. It  is possible 
that a tiny increase in the amount of pollutant emissions may bring a worst outcome. Therefore, it is 
necessary to find the determinants of the pollution emissions and corresponding policies.  
3. Empirical Study of the determinants of pollution emissions 
3.1. Data and Model 
The emission amount of industrial waste water, SO2 and solid waste are the variables selected to 
describe the environmental pollution; the quantities of primary energy products (in the units of standard 
coal) is used to measure the development of that industry; the value added (in the price of 1990) of 
secondary energy industry is used to represent the growth of the industry; per-capita value added and the 
ratio of output of solid  waste and industrial value  added (denoted by mv) is used to measure the 
technology level; the ratio o f value added of large and medium-size enterprises and industrial value added 
is used to measure the industrial concentration; the net value of industrial fixed capitals is used to measure 
the overall industrial scale; the net value  of the enterprise average fixed capitals is used to measure the 
average scale of the enterprise in the industries. The qualified  emissions of industrial waste water, 
removed volume of SO2, re-use quantity of solid waste are used to measure the strength of regulation.  
The data comes from China Statistical Yearbook (1992-2009). A ll variables a re shown in table 1. 
Based on these variables, the model 1 to model 3 are established respectively for the emissions of 
industrial waste water, SO2, and solid waste. 
Table 1. The definition and units of variables 
Variables Definition Unit  
Water Waste water emission 10 thousand tons 
Qwater Qualified waste water emission 10 thousand tons 
So2 Sulfur dioxide emission billion m2 
Rso2 Removed volume of Sulfur dioxide billion m2 
Msw Solid waste generation 10 thousand tons 
Sw Solid waste emission 10 thousand tons 
Rsw Re-use of industrial solid waste 10 thousand tons 
Mv Intensity of solid pollution 10 thousand ton per billion RMB Yuan 
Value Industrial added value at constant price billion RMB Yuan 
Valuep Per-capita industrial added value at constant price RMB Yuan 
output Output of energy products billion tons standard coal 
outputp Per-capita output of energy products 10 thousand tons standard coal 
Assets The net value of industrial fixed capitals billion RMB Yuan 
Assetsp The average net value of industrial fixed capitals 10 thousand RMB Yuan 
Concentration Industrial concentration % 
3.2. Results 
3.2.1. Primary Energy  Industry 
First of all, the time series characteristics of the sample data of primary energy industries are examined 
respectively by ADF Test. The result shows that the same order single co-integration does not exist 
between different dependent variable and independent variables. The regression result shown in formula  
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(1) indicates that the effects of coal industry on the emissions of waste water and  SO2 are not significant, 
but the coal production may cause to large amount of industrial solid waste.  
 
3
2
171.2811 0.644116 417.6746 (-4) 7.227318 (-1)
: 0.997613                             P( ) : 0.003579                             : 2.294755
sw outputp concentration mv
R F DW
H    
            (1) 
 
Formula (1) shows that the emission amount of solid waste will decrease with the increase of per-capita 
output of coal min ing industry, and there is a negative correlation between mv  and sw, which indicates 
that technological progress do reduces the emissions of solid waste. Moreover, sw will increase obviously 
with  the increase of industrial concentration of coal industry, suggesting that concentration has no 
significant help to decrease the pollution of solid waste. 
The result of regression for petroleum industry is shown in formula (2), which states that the influence 
of emission of SO2 and solid waste is not significant, however, the quantities of petroleum and natural gas 
may cause large amount of waste water.  
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Formula (2) suggests that the increase of output of petroleum and natural gas has positive influence on 
the emission of waste water; the other three variab les have negative effects on waste water, suggesting 
that the improvement of technology, the expansion of the overall scale and average scale of industry will 
help to reduce waste water emission. 
The unit root test of the residuals of formula (1) and (2) without intercept and trend shows that co-
integration relationship exists between different variables.   
3.2.2. Secondary Energy Industry 
Similarly, ADF test shows that same order single co-integration does not exist between different 
dependent variable and independent variable. The secondary energy industries have significant effects on 
all three pollution emissions. The results of regression analysis are shown in table 3. 
Table 3. Summary of results 
Variables Model 1 Model 2 Model 3 Variables Model 1 Model 2 Model 3 
Constant 55114.63 392.3405 ˉ1066.409 Qwater -1.061594***   
Value 195.7064 0.660525 0.298990** Rso2  -0.631665  
Valuep 
-2.566160  -0.003865* Rsw    
output 
   Mv   10.86942 
outputp 
   R2 0.580362 0.949132 0.923013 
Assets 
   P(F) 0.072550 0.000000 0.000005 
Assetsp 
 -527.5809  DW 1.780986 1.626317 1.883544 
Concentration 480722.3*  1313.912     
Note˖* One phases lag˗** Two phases lag˗*** Four phases lag 
 
Table 3 tells us that the value added of secondary energy has positive effect on all three pollution 
emissions, among which the effect on waste water is the biggest one. In model 1, the per-capita value 
added and Qwater
 
have negative effects on emission of waste water, suggesting that the technological 
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improvement and regulation will be helpful to reduce pollution. In model 2, the average net value of 
capitals of industry and RSO2 has negative influence, which indicates that the expansion of average scale 
of enterprise may reduce SO2 pollution. However in model 3, only per-capita added value (technological 
progress) could containment the pollution. The intensity of solid waste (mv) in secondary energy 
industries also has the same effect as in coal mining industry. 
However, industrial concentration fails to have negative effect on water and solid waste pollution. We 
will discuss possible reasons later. 
The unit root test of the residuals of models 1̚3 without intercept and trend are given in table 4, 
which shows that the residuals are in  stationary series, namely, co-integration relationship exists between 
different variables. 
Table 4. Co-integration examination result of Model 1 to Model 3 
Model 1 
Test item ADF 5% threshold P R squared DW 
Residual -3.80276 -1.97403 0.0012 0.603418 1.914725 
Model 2 
Test item ADF 5% threshold P R squared DW 
Residual -4.24744 -1.96442 0.0003 0.615418 2.099414 
Model 3 
Test item ADF 5% threshold P R squared DW 
Residual -2.25459 -1.96843 0.028 0.466705 1.975234 
4. Conclusion and discussion 
It is found that, in  last 20 years, the determinants of environmental pollut ion from energy industries in 
China are industrial value added (o r quantities of products), industrial concentration, industrial scale, 
average scale of enterprises, technological improvement, and environmental regulat ions , all o f these 
factors can be classified into three categories: industrial development pattern, technological improvement 
and environmental regulation.  
The empirical study shows that industrial value added has positive effects on all three pollutants, 
suggesting that the growth of energy industry definitely aggravates environmental pollution. Th is means 
that the mode of the development of China’s energy industries is  more inputs, more pollution, but less 
outputs. With the limitation of natural resources and environment capacity growing stronger, China 
encounters to the requirements of transformation of the mode of industrial development, and should 
promote the transition of the economy with the help of the mode transformation of industrial development. 
The technological improvement do improves the environment. In recent years, Chinese government 
encourages energy industries to create new technologies with saving energy, and promote the efficiency 
of resource. Especially in the coal-fired power industries, more and more companies are forced to close 
small generators with high unit coal consumption, and introduce high-efficient generators, thus reduce the 
intensity of pollution emissions. At the same t ime, the cost of pollution treatment declines due to 
advanced technologies and utility of pollution treatment equipment.  
In oil and natural gas exp loitation industry, the total net value of cap itals  and enterprise average net 
value of capitals reduce the emission of waste water; and the average net value of capitals also improves 
the SO2 emission of secondary energy industry, which indicates that the more enterprise capital is , the 
more it can afford relatively high cost for environmental treatment. Moreover, the government's 
regulation effectively reduces the emissions of waste water and SO2 in secondary energy industry, but it is 
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not significant for primary industry, suggesting that Chinese government should strengthen environmental 
regulation and force enterprises to control pollution. At present, the pollution charge system is the main 
measure applied in  China as the environmental regulation policy. Recently, both environmental tax and 
emission trading are in the preliminary study stage, and might be carried out in the near future. 
However, the increase of industrial concentration hadn’t decreased pollutant emissions in energy 
industries in China, the reason may be government-oriented restructuring, monopoly position and the low 
efficiency of state-owned large-size enterprises, especially, the super large-size enterprises often have 
some strong political powers, and therefore, the environmental regulation of local government may be 
failed in the process of implementation.  
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